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1.¢ INTRODUCTION

This report describes the results of an Air Force program to
develop a Crash Rescue Vehicle Simulator conducted under contract
No. F0B8633-82-C-090419. This contract includes three phases of
operation; Design, Manufacture and Delivery at Tyndall Air Force
Base in Florids. The third phase was completed in October 17E7.
The system met all the contract specifications as accepted by the

U. S. Air Force at Tyndall.

2.8 GENERAL

Current Crash Rescue Vehicles, especially the F 4
are very expensive to operate. In addition, when they are being
operated by an inexperienced crew, the possibility exists fo
extensive damage to the vehicle, due to an accident or operatos
error. In addition to these possibilities, the vehicle is out of
service and would probably not be available for actual crash
rescue operations 1f an emergency arose during a training
session. If Simulators are used instead of P-4 vehicles, the
savings will amount to over $2,000,000 per year. In addition, a

Simulator has the ability to present wartime conditions to a =stu



dent that would not be available in & normal training scenal ic

These wartime conditions include runway craters, multiple damaage
in wvarious parts of the airport simultaneously, as from an ai
attack, building fires and fuel storage facility fires. This
kind of training is only available by use of a Simulator.

Because of the high hourly cost of operating crash
rescue vehicles for training, as well as the environmental ef
fects of both air pollution and ground water contamination caused
by training fires, it is getting more and mnore difficult to main-
tain a high degree of proficiency awmong fire fighting ci ews.
Thus the crash rescue Simulator which proved that such a vehicle.
which will produce proficient fire fighting crews, is not only
possible, but is highly desirsble.

Mawny variations of designs and components were
considered. The final design contains the best elements avail -
able at a reasonable cost to building a realistic P-4 Simulatos .
This P-4 Simulator not only haes the ability to simulate all diriv-
ing conditions normally found on & typical air base but it simu
lates the fTire attack capabilities of a P-4 vehicle.

The initial concept inmcluded a large frame surround -

ing the «c¢ab. with the cab being moved within this framewo I by



large air driven cylinders. This design was changed to a much
simpler design which utilized a single counter weighted beam and
with cab roll and seat motion. The initial system also included
a complex & lens camera system with optical relays to transmitl
the video image up to the cameras. Mis was modified to a fiber
optics system in order to simplify the design of the system.. As
shown in Figures 2.1 and 2.2, the crash rescue vehicle consists
of the following major components.

a) SCREEM: A large 28' diameter by 11' high screen.

b) CAB: The cab of the vehicle which is a composite mock up of
an actual P-4 cab.

c) MOTION SYSTEM: A motion system which given motion to both
the cab and +the driver's geat to simulate the "G" forces and
changing horizon as a result of vehicle motion.

d) PROJECTOR SYSTEM: A projector system, 5 each, high powered
color projectors aligned so that each projector projects 175 of

the total view as seen by the student operators.

e) MODELBOARD: A modelboard which iz an 8@ to 1 scale of an
actual air base. This air base includes hangers, buildings,
aircraft, civilian vehicles, c¢rashed aircraft and miscellaneous

equipment.



) CAMERAS: The video pictures represented on the screen

are taken by O separate CCD camevas aimed through a special lens
ing system on a movable probe that can be driven around the
modelboard under the control of the driver/operator.

g) OPTICAL SYSTEM: This optical probe consists of a lensing
system that hss 35 views that are presented at the bottom of s
fiber optic bundle with each fiber optic bundle terminating i
front of a CCD camera. Thus, each segment of the lens is opti-
cally transmitted to a camera and the camera, in turn, traansmits
this signal to its respective projecto: .

h) PROBE MOTION SYSTEM: The probe mechanism is propelled
around the modelboard under the control of the driver/ope ator.
His 1inputs to the probe system 1lnclude steering wheel, ac
celerator and brake pedal inputs. The driving inputs are fed to
a digital computer that operates off am algorithm that converts
these inputs to DC signals to operate 3 precision selvvn
mechanisms to control the movable gantry that the optical probe
rides on. In addition to the X and Y servo systems, there is a
or rotational servo system. These servo systems have a very wide
turn down ratio which enables the vehicle to drive down a runway

quickly in one direction but at the same time, slowly crossiig



the runway, ie. going from the left side to the right side.

i) SYSTEM DYMAMICS: This vehicle has all the dynamic charac

teristics of the actual P-4 vehicle. These characteristics were
obtained by the actual testing and gathering of data on a P 4
vehicle at Westhampton Air Force Base in New York.

3) SMOKE = To simulate actual fire conditions, a number of
avenues were investigated that did not prove to be very workable
and were abandored for that reason. A stage type smoke was i1

vestigated which is an o0il base smolke. The major problem with
that system is that the o0il settled on the modelboard and after a
few training sessions, the system had to be extensively cleaned.
In additiaon, the smoke also did not behave in the normal manne:
of fire smoke. It had a tendency to layer itself at g ound
level. Another system that we tried that produced excellent
smoke results was injecting titamium tetrachloride into the ai .
The smoke results were very good but it was rejected because of
the toxicity of the chemical. The system that was settled upon,
after a good deal of experimentation., was injecting CO~ on to a
surface of heated water which produces copious amounts of non
toxic smoke with zero clean up problems. This smoke was modiflied

by the injection of minimal amounts of Helium to make the swmoke
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rise as would occur in a normal fire operation. This combination
resulted in a very accurate simulation of smoke conditions.

k) FIRE: The initial study into the fire simulation was the
use of red lights infringing upon the smoke to get the p)oper
flicker effect. This effect was not realistic enough, so sfter
experimentation, a system was developed that wutilizes 35S watt
Guartz Halogen bulbs projecting thiough 2 series of multi—-colo:red
lenses that are votated below the fire sie@a by a DC motor. This
combination of elements gives a extremely iealistic presentation
of a fire to the driver/operator.

1) FOAM SYSTEM: A major portion of ciash rescue fire fighting
is the application of foam to a burning aircraft. The initial
concept called for a nozzle to be able to dispense little glass
balls (micro spheres). These would be ejected by air pressue
and would behave like foam if observed by a camera. There pioved
to be two major difficulties with the wicro spheres. The firsl
and foremost was the possible toxicity of the spheres. e
second was that because of their extreme lightness, after a fire
training simulation, the modelboard would have to be carefully
vacuumed to collect them. A second system that was devised was

the design of a special nozzle that would dispense liquid CO»~ G



to the burning aircraft. This is the same principle as a COx
fire extinguisher, where the COs comes out as a white material
and blankets the fire. ATter investigating and experimentation,
a suitable nozzle was designed and manufactured, such that when
COz was discharged from the optical probe, it appears to be dis

pensing foam from the roof turret. The €O has a tendency to
cling to the vertical sides of an aircraft, similar to AFFF. In
addition, after the extinguishment of the fire, the CO~ sub-

limates and there is no clean up necessary.

3.0 SYSTEM REQUIREMENTS

3.1 DRIVING

One of the most important aspects of this Simulator
is to faithfully reproduce the driving characteristics of the P 4
vehicle. Initial data was obtained from Oshkosh, the manufac-
turer of the P-4 vehicle and the U. S. Air Force and their fleet
of vehicles. From this data acceleration rates, turning s adius,
vehicle weight, center of gravity and roll and sway charactel is-
tics were determined. A test program was carried out at Wes

thampton Air Force Base, utilizing an actual P-4 vehicle and



using both video equipment and standard vehicle meters, obtaining
actual data from an in service P-4 vehicle. From this acceler a

tion rates, braking rates, ride charactei istics and the gravilsa

tional forces due to turns at wvarious speeds were determined.
The sound characteristics of the vehicle under these varying coa

ditions was recorded. This data was analyzed and an algoi ithin
developed to simulate the driving characteristics of the P-4
vehicle. This system was developed using all the data available,
so that when the student operator steps into the cab of the P 4
Simulator and goes through a driving scenario, it will be
duplicating what will normally be see, felt and heard. e

Simulator that was delivered to Tyndall was driven by a numbe: of

experienced P-4 operators. The operators agreed that the system
faithfully reproduced the driving chaiacteristics of an actual
P-4 orientation. The driving algorithm is given in Section 2.
3.2 VEHICLE ORIENTATION

A Simulator of this type is not only useful foi
dynamic classvoom training but it also can be used to orient Lhe

student to the positions and functiorms of the controls of =

standard P-4 cab. This Simulator wes expressly designed so Lthat

10



a student could go through many dry runs, ie. operate the various
control valves and knobs without the Simulator in operation
This way the student will get the feel of each control and will
be able to operate it without damage. This is not the case with
an actual P-4 vehicle because a student could actually go in and
operate controls and damage the system, if it is opel ated

incorrectly.

3.3 SYSTEMS OPERATION

After the student has proven to be capable of driv
ing the vehicle in various off rosd and oun road conditions, with
both day and nighttime operations and has mastered all the cosn

trols and operations of the fire fighting system, all systemns

must be utilized simultaneously. The P-4 vehicle is designed Lo
be operated by one man under emergency conditions. This
Simulator is designed to duplicate those capabilities. fhis

enables the driver to drive out of the fire station, receive
communication in route to the fire and get ready to discharqge
foam agents when arriving at the crash scene. The Simulator has
the requirements to be both an effective driving and fire fighl

ing training aid. This will be shown to be the case as the

11



design is described and the way these designs were achieved in

the individual write—ups of the basic components.

3.4 CRASH FIRE FIGHTING

One of the most realistic aspects of this Simulatar
is the crash fire fighting section. A great deal of design ef--
fort and marny, many changes were included in this effort to obh-
tain the realism that was achieved in crash fire fighting
operations. The vehicle must approach the burning aircialt,
using the set guide lines from Air Force procedures. These pro
cedures take into account rescue operations, wind direction and
velocity, armaments and tervain. Every one of these requirements

have been duplicated on the Simulato: .

3.5 LOW OPERATING COST

For any Simulator to be cost effective, it must
achieve a low hourly operating cost. The operating cost takes
into account manpower required, M. T. B. F., cost of spare pa: ts.
energy usage, and consumable usage. This Simulator has proven
itself to be a cost effective training device. It requires oie

12
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operator who will double as an instructor and maintenance terh -
nician for the system. Almost all components are commercially
available, off the shelf items whiclhh «can be replaced by any
operator after a 4@ hour maintenance class. The cost of spsie
parts, such as the cameras, projectors and servo systems are ex-
tremely low, as they are commercially available from indust(ial
supply houses across the United States. The electric usage on
this system is less than $5.0@ per howur. The COzs usage in the
training sessions that were operated, also averaged approximatel,

%6.99 per hour.

3.6 NON POLLUTING
For any Simulator 1in today's environment to be
successful, it must be inheretly non polluting. The initial

design and proposal included a smoke system that used a vapo: ized
oil to generate the smoke. After initial testing we found the
smoke did not have the rising characteristics of smoke Ffrom a
large fire. In addition, it was found that the smoke left an
0ily residue on the various components. A design change afte: =a
great deal of experimentation was made to use a non polluting CO-

system. Another major problem that surfaced after the proposal,

L3
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was the use of micro balloons as originally proposed. Micro bal

loons are essentially microscopic spheres of hollow glass that
give the appearance of fire fighting foam when emitted fiom a
nozzle type device. After investigation and limited use, it was
found that these micro balloons, 1f ingested into the lungs,
could pose a health hazard. In addition, there was a massive
clean up operation after each fire scenarioc. Thus, it was neces

sary to eliminate the micro spheres and., to develop a nozzle thal
uses liquid CO=~ in the same fashionn as a liquid Fice

extinguisher.

3.7 SIMPLE INSTRUCTOR OPERATION CAPABILITIES
It was determined early on in the design that this
system would be operated by an experienced crash crew operato:s

who would have minimal experience with complex electronic systems

and computers. With this in mind, a system was developed that
requires no formal training in computers or electronics. The
operator simply turns on a three phase A.C. power switch which
supplies power to the full Simulator and all its components.
Next, the operator turns on the computer with a computer eset

button and types in one simple command and the system is

14



operating. Some adjustments to the CO~ system and prepositioning
the optical probe to its desired starting point 1is mandatory.
These functions are all described in detail in the Operationsl
Manual. From initial power "On" to system operation, the average

is less than 1S5 minutes.

4.@ THE CAB

4.1 INTRODUCTION

The initial proposal for P-4 vehicle Simulator, was
to use the actual cab of a P-4 fire fighting vehicle. Quotes
were aobtained from Oshkosh. An investigation for obtaining a P-
4 from the U. 5. Air Force that was in an accident but withoul
any structural damage to the cab was made. After lengthly dis
cussions with Oshkosh, it was determined that the front end of 3
P-4 could not be obtained at 2 reasonable cost or delivery. The
second option of finding a vehicle without damage but that was
out of service but had an intact front cab also proved fruitless.
So it was decided to manufacture s cab. The prints of the F 4
from both Oshkosh and the U. S. Air Force were obtained and it

was determined a duplicate model of a P-4 could not be buill

15



without having tremendous weight penalties placed upon it because
of the structural rigidity of the P-4 vehicle. Since the de=sign

required full motion, it is obvious to minimize the weight of the

cab.
4.2 THE CAB BODY

The cab of the vehicle was custom made using a wum
ber of different techniques. The cab floor is made of fTiberglass

which was laid out on a full scale wooden mock-up mold con
structed identical to a P-4 cab. This included wheel wells,
seat, fixtures, floor slants, etc. The cab floor was built layer
by layer using epoxy and fiberglass until the whole floor had a
thickness of 1/2", In addition, there was aluminum veinfo:cing

placed as reqguired. The three walls and the roof of the cab wuev &

constructed using a different technigue. To maintain the weight
requirement, a fiberglass/aluminum construction technique was
utilized. Each wall and the ceilimg was constructed separately.

The inner and outer walls consist of identical sheets of aluminum
cut to the contour of its specific dimensions. A piece of 1iqgid
foam was epoxied between the two sheets of aluminum to give it a

tough, lightweight bearing structure. The three walls were at

16



tached to the cab using 6861 Té6 angle aluminum for supports at
the corners and the roof was attached to Lhe walls using the =ame
technigue. The cab has proven to be extremely stuidy and
durable. There has been absolutely o problems with the cah
structure and it should last well beyond the life expectancy of
the Simulator. The windows of the cab are constructed of lexan
and are attached to rigid frames which form part of the cab body

They give an excellent simulation of Lthe vehicle windows. The
total weight of the cab, including batteries 1is 8600 pounds

(Refer Figure 4.1)

4.3 INSTRUMENTATION AND COMTROI S
The basic controls for the driver as shown in Figure
4.1, include the following: (Refex Figure 4.2, 4.3, 4.4, and 4.95)
1. Brake Pedal
Since this is a complex vehicle to drive, the brake is
operated by the left foot and the gas pedal by the right foot.
The brake pedal is a standard spring loaded brake pedal attached
to an electrical potentiometer. Thi=s potentiometer reads off Lhe
amount of force applied to the brakes by the driver and communi

cates that signal to the computer.

B kg
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IKDEX NO.

NOMENCLATURE

NORMAL USE OR READING

1

10

11

12

13
14
15

Chassis Electrical
master switch

Differential lock
indicator light

Differential lock
control

Engine preheat and
start switch

Electric system short :

circuit indicator

. o

Engine shut down
switch

Windshield wiper
control knob (2)

Windshield washer
control knob

Voltmeter/battery
condition indicator®

Fuel level gage*

Turn signal switch
lever

Transmission oil
temperature.-gage*

Air pressdre gage*
Tachometer

Engine water
temperature gage~®

Shuts off all electrical power
to vehicle. Push forward for ON.

I1luminated when differentials
are locked out.

Locks out axle differential action
for better traction under adverse
conditions. Push to left for ON.

- Pushed down and turned to left--

energizes glow plugs to preheat
engine. Pushed down and turned to
right--engages engine starter motor

Illuminated when short circuit to
ground exists in electrical system
when master switch (1) is OFF.

Turned to left, completes circuit
to engine electrical accessories.
Turned to right, actuates fuel
shutoff solenoid to stop engine.

Turn counterclockwise to operate

windshield wipers (LH knob--
driver's side; RH knob--passenger

side). Also serves as wiper
speed control.

*Push down to operate windshield
washer spray.

Green range--normal battery
charge, normal operation,

Indicates quantity of fuel in
fuel tank. :

Push forward to signal right turn,
pull back to signal left turn.
Push in tab under lever to flash
all signals simultaneously~--pull
upward on lever to release.

250°F maximum.

100-120 psi

Engine speed in R.P.M. 2000 maximum

175°F~185°F.

21
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. NORMAL USE OR READING

INDEX NO. NOMENCLATURE
16 Speedometer/ Vehicle speed in MPH/total
odometer distance traveled in miles and
tenths.
17 Turn signal Flaéhing when turn signals are
indicators operating.
18 Headlight high Illuminated when high beams are
beam indicator switched on.
19 Engine oil 45 psi-=60 psi.
pressure gage"
20 RH defroster Turn clockwise to operate
blower switch passenger side defroster.
21 Engine oil 220°F-240°F,
temperature gage®:
22 LH defroster Turn clockwise to operate
blower switch driver's side defroster.
23 Cab heater Turn clockwise to start fans
control switch and increase fan speed and hot
air flow.
24 Rear spotlight Push forward for ON.
Switch
25 Instrument panel Turn clockwise to increase panel
light lights brightness. Fully
counterclockwise for OFF.
26 Floodlight push forward for ON.
switch
27 Dome light Push forward for ON.
Switch
28 Emergency Push forward for ON,
beacon switch
29 Headlight switch pPush forward for ON.

*These gages operate onl

22

y-with chassis master switch in ON position.
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2. GBGas Pedal
The gas pedal operates in the same fashion and also hias
a potentiometer that feeds the compute: so that the computer
knows how much fuel is being applied to the engine.
3. Gear Shift Lever
The gear shift lever is a custom fabricated device with
a micro switch at each gear selection point, so that the compute
knows via signals from the appropriate wmicio switch which gear
has been selected
4. Parking Brake Control
When activated it sends a signal to the computer to halt
all motion and prevent the vehicle from inoving.
5. Steering Wheel
The =teering wheel turns 3.8 revolutions from stop Lo
stop. The steering control is attached to an electrical poten

tiometer which feeds the steering wheel position to the compute: .

4.4 FIRE FIGHTING CONTROLS

4.4.1 GENERAL

This Simulator is designed to give as realistic a

23



simulation of the actual P-4 crash vehicle operating as a crash
truck, as is possible. All of the major components, such asz Lhe
turret control knob, the turret aiming handles, the dischaige
valve switch, the discharge rate selector and the pattern selec

tor lever are functional. This system is designed to be nsed
either by the driver or by the crew chief. When the drive: a

rives at the fire scene, the vehicle is placed in the prope
position and the fire is attacked using the vroof nozzle svstem
which gives both the feel and the visual effects necessary fol =}

good simulation.

4.4.2 ROOF TURRET CONTROLS

The original design for this Simulator required a
dual servo to control miniature nozzle expelling the simulated
foam on the burning aircraft. As design progressed it was dete:
mined that the servo systems would require excessive amounte of
wire going from the cab of the vehicle through the gantry syeslem
and then being fed down to the miniature servos. Since thig svs
tem proved to be very complex, a design change was made to use a
high quality radio link from the control knobs down to the se: vos

controlling the miniature nozzle. The turret aiming handle was
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attached to two potentiometers whose signal was digitized and
transmitted at very low power to a receiver on the probe. This
receiver decodes the signals and positions the nozzle in 3 slave
fashion to the position of the turret aiming handle. The di=-
charge rate selector an the pattein selector are interwired with
the interrupt button on the rear of the turret aiming handle.
When all three controls are in the proper mode foam will be dis

charged at the corirect rate. (Refer Figure 4.6)

4.4.3 EQUIPMENT OPERATORS COMTROLS AND INSTRUMENTS

The operator must also observe and control the lig
uid levels in the tanks, the pump pressure, the agent selecto,
and the various water and coolant temperatuires. The liquid level
gauges are controlled directly by the instructor. They arve @ 1

milliamps gauges housed to simulate the configuration of the ac

tual gauges. The pump pressure gauge is controlled by the rom
puter and the pressure of the pump is Lhus determined by the en
gine speed. The agent selector valve controls either water o

foam selection. Its input to the computer is two bits of digital

information. (Refer Figure 4.7)
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4.3 RADIANT HEATING SYSTEM

As an additional part of the training Simulator, a
radiant heating system was installed in the cab of the vehicle.
The purpose of this system is to simulate the radiant heat the
driver and operator feel as they approach the burning aircyaft.
As they approach the burning aircraft, the instructor who hsas
manual control turns on the radiant heating system to sinulate
the effects of the fire energy on the vehicle and its operato:s.
4.6 MOTION SYSTEM

The motion system has thiee separate segments. hey
are pitch (tilt), roll and fore and aft seat motion. These svs

tems required extensive engineering because the prototype, as

originally conceived and built did not function as planned. The
pitch system was designed using a large three phase 5 Hp. molos
eccentrically attached at the opposite end of the cab. The
design attempt was if pitch was required, the three phase moto:r

would be operated through a relay contactor, thus giving vertical

[}

motion to the other end of the balance pipe that the cab ie=st
on. This system did not prove workable because the contactoy was
not fast enough to respond to the opening and closing signals of

the computer. The motion derived from the electrical moto: was
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CAB 1TILT

Cabe Base Structure
Air Cylinder

Solenoid Valve
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Connecting Rod

Main Tube Connector
Main Tube

MOTION

Spring Support & Main Tube Guide
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not repeatable. In addition, the system sent large electrical
transients through the whole electronic system which crested
other electronic problems. The final design was changed to an
air driven cylinder operated by electrically operated solenoids
This system works off a basic pressure of 9@ psi. The solenoid
valves operate directly from computer control to give the ai
cylinder the proper stroke length and di:rection. This <eystem
proved to be the simplest and most woi kahle. (Refer Figures 4.8
and 4.9)
G4.7 CAB ROLL SYSTEM

The voll system originally utilized a 12 volt linea
actuator manufactured by Warner. When this system was installed,
we found out that if there was a large proportional difference
between the weight of the operator and the weight of the diivar,
the system would not respond as required due to overload. e
actuator was replaced with a 24 volt actuator (recirculating ball
electrac-180@) driven by two 12 volt battei ies in series. (Refer
Figure 4.19, 4.11 and 4.12) The electrical circuit is a standard
switching circuit controlled by Motorola 68@5 microproceszor .
This microprocessor and driven circuilt are mounted together in

the motion control system. The motion control system is di iven
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directly by the main processor, the Motorola 68g9. The seat mo-
tion is pneumatically driven fore and aft. The seat uses the
same shop air at 9@ psi as the pitch svstem. The seat is di iven
forward to simulate deceleration under braking conditions. e
air cylinder is controlled by a Asco electrical solenoid whirh.
in turn, iz controlled by the main computer. The seat 1=

returned by a spring. (Refer Figure 4.13 and 4.14)

5.0 MODEL SYSTEM

5.1 INTRODUCTION
a) The model system consists of four different sections. Ihe
are the models of buildings, aircraft and vehicles as noimally

seen on an a3ir base.

b» The smoke and wind system which are designed to operate az &
unit to obtain the realism required.
€) The fire system which required a major design change.
d) The modelboard itself.

These systems required a great deal of engineering during
the development program to obtain the necessary realism requiied

of a full system.
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3.2 THE MODEL SYSTEM

The model system for this Simulator was originally
intended to be scale models constructed of wood and othen
materials to be replicas of standard Air Force buildings. The
vehicles were to be models (commercially available) of wnoinal
vehicles found on an air base. On initial testing it was dete:
mined that the actual models would not have the realism foi the
close-up camera woir k that would be available through the high
resolution cawmera system. The original plan and models wer e
scraped. It was then decided to use 3 photography techriique that
requires a photograph of the four sides of a building. This
photograph is then modified to an 8@ to 1 scale of the actusal
size of the building. A model of the building is manufactu ed
just wusing wood for the frame. The photographs are attached Lo
the four sides and when this building is observed through Lhe
probe system, it gives & very lifelike appearance. This was the
technique which was accepted and proven to be the most realistir
for this type of Simulator. The vehicle models were sactual
models puvrchased from high quality model makers and these

vehicles included crash vehicles as well as private and military
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vehicles. The aircraft, such as the B-42 and C-130 were pin
chased model systems that were constructed and then configu: ed as

necessary as a crashed aircraft and placed over one of the thi ee

fire pits. These models can be interchanged as reqguired by the
instructor to insure that the training does not get too
repetitive. The models thus turned out to be cost effective and

realistic.

5.3 SMOKE AND WIND SYSTEM

The original smoke system utilized a Rosco system
which is a commercially available device used in most theater s
for producing stage smoke. They noirmally infringe a hot plate
with a glycol solution that vaporizes it and produces a willky
white smoke. The problem that arose with this system is that
from the time it was pumped from the =moke generator out to Lhe
fire pits, it cooled off considerably thus the cool smoke would
not rise but simply hung close to the ground. In addition, the
glycol would cling to the various sw faces and leave an oily
deposit on the models. The next experiment with titaninm
tetrachloride which produced large amounts of fast rising smoke

when the powder was exposed to a humid atmosphere. Upon inves
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tigation we found this chemical could possibly have some loxic
side effects and would be dangerous to work with in the quan
tities required in an ongoing traiming system. This design was
eliminated.

The third system designed and subseguently manufac
tured proved to be simple, effective and non toxic. A heaker
pot, one foot in diameter by two feet with two commercial immer
gence heaters set in it. This pot is initially filled with about
four inches of water which is kept at a temperature of 149 de
grees Fahrerheit to 168 degrees Fshrenheit by two immeision
heaters. Liquid CO~ is sprayed on the hot water and it instantly
turns to a grayish white smoke. This smoke is pumped out vis the
instructor's control valves to any of the three fire pits. At
this tiine the instructor adds helium to the smoke such that when
the helium and CO;» arrives at the designated fire pit, the gas
will rise as if it was burning. 7The wind systems are 115 volt AC
squirrel cage fans attached under the modelboard. They expell
the air up through a hole in the modelboard. The top of Lhe
modelboard, at that point, has a "U" szhaped bracket that only al
lows the air to proceed in & horizontal direction. The moving

air is set so that it blows towards the Fire pits. The wird "0n"
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and "Off" is controllable by the instructor.
The COz requirement is 3 pounds per minute, the helium is

1 CFM. (Refer Figure 9.1 and 5.2)

5.4 FIRE SYSTEM

The fire system proposed and originally manufactu: ed
utlized SCR controlled incandescent lamps that were controlled by
a white noise generator to give a flicker effect, thus, az the
lights are flashed on and off in a irandom pattern, the beams
would be displayed on the rising smoke which gives the simulation
of a fire. Using this technology and also steady state orange
type lights impinging directly upon the rising smoke gave a pool
simulation of an actual crash fire. This system was rejected and
another system was developed that simulated a burning aircraft at
each of the fire pits as required. (Refer Figure 5.3 and 5.4)
The DC motor which operates on 12 volts at 4 amps is a VonlWeise
VAZ3. It drives the flame colored lenses assembly directly. As
these lenses rotate they pass and then cut off each of the 4
flame lights. The flame lights are standard 12 volt 5@ watt Wes

tinghouse Quartz Halogen Bayonnet Bulbs. The lenses are alte:

43



L

FIGURE 5.3

| %\\\\\ |

1.

SMUKE HND FIRE

~ ~ Hars

L
44

22
) O]

[E=—RIXP]
L




Smoke
Smoke

ZHMOKE AND FIRE FIT

and Fire Pit
Inlet

Helium Inlet

Flame
Motor
Flame
Flame
Flame
Smoke

Flicker Motor
Support Bar
Flicker Drum
Light

Colored Lens

and Flame QOutlet

45

FIGURE 5.4



S

nate amber and red. This flashing light impinging upon the

rising smoke gives an excellent simulation.

5.5 MODELBOARD

The modelboard is constructed of multi-sheets of
outdoor grade 1 inch thick plywood. The plywood was finished on
both sides and the sheets were 4 foot by 10 feet. The plywood
was bolted to the flat base of the gantry (shimmed where
mecessary) and leveled with a surveyors Liansit. When all the
sheets were flat, the joints were sealed with epoxy. The model
board presented is one large flat surfasce. The board was Llthen
painted using a standard industrial paint to the outline shown in
Figure 5.95. The runway lights were installed by using minialu e
bulbs inserted from the bottom with just the tip of the buib
protruding less than 1/16 of an inch above the modelboard. Addi
tional trees and shrubs were installed to give a more realisli¢

appearance.
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6.9 GANTRY SYSTEM

6.1 INTRODUCTION

The main frame ("X" axsis) was designed and made of
heavy duty steel "I" beams. The movable gantry ("Y" axsis ides
on the main frame, and is manufactured of aluminum. The 1ota
tional probe system ("Z" axsis) is made of stainless csteel and
aluminum. All of these components were designed and manufactu: ed
in house. There are no problems with the frameworks themselves,
however, there was some vibration in the "X" drive system due to
some inherent instability inm the long drive shaft. These
problems were resolved and the gantry proved to be an extremely
effective and stable platform fo the optical probe systemn.
(Refer Figures 6.1 and 6.2) There are lhree drive motors on this
system, one for the "X" axsis (parallel to runways), the "Y" ax
sis (the short direction) and the "Z" axsis (the rotational
axsis). The drive motors and amplifier selected are Inland Moto
DA servos with integral tachometer generator (Refer Figures 4.3,
6.4 and &6.3) These motors proved to be exceptionally stable and

had a turn down rvatio (high speed to low speed ratio) of 108,006
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GENERAL DESCRIPTION

The TT-295X family of DC servo motor = DC tachometer generator units
(herein called motor and tachometer) has been designed to meet exacting
requirements. The design basics include permanent magnet field assemblies,

low inertia, high continuous and peak torques, Class F insulation, and

-

totally enclosed nonventilated construction.

INSTALLATION

I. Location .

The unit should be placed where the ambient temperature will not

exceed 40° C (104o F).

II. Mounting

The unit can be mounted in any position. The outline and assembly

drawings for the unit depict all necessary mounting dimensions and

-

wiring detail.

III. Terminal Box

An external te;ﬁinal (or coﬁduit) box, that may be rotated 180° for
mounting convenience, is piovided for lead connection. The motor leads

(green and orange), thermostat leads (white), and the tachometer leads

(black and white) are located in this box.

MAINTENANCE

I. General Maintenance Re&uirement

Normal DC motor maintenance procedures shall be used with the TT-295X

family of servo drive motor tachometers. The motors use cartridge brushes

53
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accessible from periphery of tach end bell. The tachometer uses a one-

piece molded brush ring assembly. The bearings are sealed and permanently
lubricated.

The permanent magnet field assemblies do not require maintenance.

Armatures, both tachometer and motor (when necessary), can be removed from

their field assemblies without the use of keepers with no loss of sensi-~

This disassembly is described in detail under Disassembly

tivity.

-

(Section III, Parts B and c).
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to 1. The motor inputs were determined by the driving algaritim
and these inputs wvaried from 1 miliivolt to 18 volts DC iwn all
three axsis. The inputs to the drive motor amphlifies Ccamne
directly from the D/A section of the microprocessor. The wires
were shielded and properly grounded to eliminate any extraneous
noise pick up. These drive systems exceeded all the requirements

for the motion of the probe.

6.2 GANTRY MOTION

It was decided at an early stage that standard servo
motors and controllers should be used in the gantry wmotion
system. This was done in order to erhance the maintainability of
the system.

The servo and controllers :esponse characteristics
had to be matched to the inertial loadings of the modelboard
gantry assembly to achieve a stable and acceptable wotion

profile.

The calculated inertias in the "X" axes reflected at

the servo motor shaft were higher than foir the "Y" or the "2Z" ax -

sis and therefore dominant.
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They were:

GANTRY : 3.1 % 1@ l1b. ft. S

ALL ROTATING COMPONENTS: 1.48 x 19 Ib. ft. S

x 1@ lb. ft. S

N
a
(80

TOTAL GANTRY

The servo motor finally chosen was an Inland Motors T1 29543,

having the following characteristics:

MAX TORKUE : 1@ ft. 1b.
MAX ACCELERATION RATE: 17000 RAD/S

ROTOR INMERTIA T ©P.695 % 10 b, ft. S

This gave a gantry/motor inertia ratio of 6.6. This
ratio was acceptable for good response characteristics within the

driving envelope which called for 722 RPM at &8 mph equivalent
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speed. This equivalent modelboard speed was 1.2 ft./sec.
The Inland Motor controller chosen was a single card

type, model No. SBl1-166/190 PWM. It possessed the follawing

characteristics:

FEED BACK LDOPS Proportional, differential,

integral and current.

INPUT SIGNAL 10 19 VDC

RESOLUTION I AV

RATED CURRENT CAPACITY 29 A

TURNED RESPONSE AT RATING: One overshoot, one undershoot.

Azimuth Control System Problem

A resonance was experienced in the azimutbh
subsystem, which disabled the control system. The resonance
frequency was in the low ultrasonic range. The system inertia

was changed by substituting the drive gear with arnother of dif-

ferent polar inertia that corrected the problem.
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6.3 "X" AXES FRAME

The axes frame consists of two 12 feet x 4 feet steel A
beams) that are separated and bolted together by 8 feet by 4 feet
steel "I" beams. The unit was bolted together to make it pos
sible to be moved from site to site after manufacture. this
whole framework is mounted on steel legs with screw adjustmenls
on the bottom to insure proper alignment on the top of the 18
inch by 4 1inch steel "I" beams. There is a 3/4 inch seamless

stainless steel shaft that acts as the rails for the top gantiy.

(Refer Figure 6&.6) On one side this 3/4 inch steel shaft is

n

firmly attsched to the top "I" beam. DOun the other side i1t i

maysn

mounted between two small bars that allows it to move in the {

mn

direction. Thus if there is any thermal expansion problems, thi
vod has the ability to move freely to adjust for slight dir
ferences in the width of either the main frame or the "Y" ganti.

The "Y" gantry 1is constructed of &861 T4 rectan
gular structural aluminum. This was to minimize the inevtis
problems and lessen the load on the servo systems. The "v"
gantry rolls on four ball bearings wheels with concave groves
that fit directly on the 3/4 inch stainless steel rod of the “X"

axes. Two of the wheels, one on either side are driven by two
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belts from the main drive motor. This main drive motor is con

nected to a drive shaft that spans the "Y" gantry. As originally
designed there was excessive vibration (whipping) in this diive
shaft under high speed operation. A shaft of larger diamete
would normally be the solution. However, this would increase Lhe
polar inertia of the shaft adversely affecting the response
characteristics of the servo. The final solution was the use of
a 1/2 inch diameter shaft concentiic to a fixed 3 1inch suppoit
tube and attached to it at three places by intermal ball
bearings.

The "Z2" axsis are rotational axsis, constiucted of
aluminum and stainless steel fo both weight and strenglh
requirements. This system was designed to bhe a multi rotational
device but since it was designed withont slip rings, it is neces
sary to limit the rotation to a full seven turns. Thus, sta:ting
at the midpoint, the vehicle can make 3 each, 360 degree Linns
before the vehicle must be turned in the opposite direction.
With the layout of the modelboard and the scenarios, as
submitted, there are no problems with hitting the limit switches.
All the electrical inputs to this system were designed so therve

nan

would be enough slack so that they could wrap around the axn
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sis without any interference. The liquid C0x system which con-
sists of a heavy duty neoprene hose required a pulley and weight
system to compensate for any slack in the hose system as the

probe rotated. (Refer Figure 6.7 and &.8)

7.0 O0PTICS SYSTEM

7.1 OPTIC SYSTEM INTRODUCTION

The optical system is one of the more complex sec-
tions of the system. It took the longest amount of time to
design and build. A number of problems with the optics was lhat
a small probe as 1is possible was requived, as well as a complete
wrap around field of view and good iesolution. The probe design
was initially a six lense system with the optical view beig
transmitted up six separate tubes through sets of lenses set at
critical points. These lenses relay the view information fiom
one lense to another urntil it is displaved in front of a camera
that will pick it up and make it available for display. Ther e
were problems with this design and it was changed over to a five

lense system with the video 1imsge being transmitted up Five
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separate fiber optic bundles. With these bundles terminating in
front of each their respective cameras, this caused a major time

problem in the design and manufacturing of the simulator.

7.2 ORIGINAL DESIGN

The original designs major problems was the critical

positioning of each of the relay lenses. It was possible in 3
laboratory set up to build a lensing system and adjust it o
correct operation. However , if there was any motion of the sys:

tem that was not of a gentle nature, the lenses could shift and
the whole system would be out of focus. This system could nol be
preset and locked in as a factory manulfactured part as adjust

ments would always be necessary in the field. This problem
coupled with the fact that there was six separate lensing system
and each one had to be individually adjusted if there was exces

sive motion i the relay system. This motion could bhe as simple
as a driver making a mistake and driving the optic probe by acei

dent into one of the models. It was thus quite probable that Lhe
instructor/cperator would épend a8 great deal of time readjusling
all these lenses. Even though it was pioven that the system was

technically feasible and would meet the systems requirements, the
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reliability would not have been acceptable. So this design was
dropped.
7.3 FIBER OPTIC SYSTEM

The fiber optic system reference Figure 7.1 svstem
schematic shows the basic layout of the system. There is one ob
Jective lense that is adjustable at the front of the probe. This
focuses the information on to the reflecting prism which tirans-
lates it through the fiber cable toc a single relay lense which is

then picked up by the CCD Cameva input and tranmsmitted via the

camera to the projector. Figure 7.2 shows the layout of the op-
tical image plane. Showing the video input into the five chan-
nels and their angular displacement. Figure 7.3 is a schematic

assembly of the fiber optic cable which is physically attarhed to
the optical input plane. Figure 7.4 gives the relative position
of the lense assembly. This complete assembly is encased in a3
sturdy structural housing that 3llows the system to he dr iven
around the modelboard and occasionally be bumped into models
without any excessive damage to the assembly. There is oune
problem with the fiber optic assembly and that is each of Lhe

five bundles consist of &80 X &80 of fibe:r optic tubes attached

64



T N
’ Electronic

Processing

ced Imrut
3™ La Project
SQ . 'erlt ovr

@ ’Rela, Lms
-

-

Tihre Oufpu{'
2 Tmage
Fibre cable )

‘;S‘f r Fibre Imru{'
st .
17 image optical signal
L . _I_rain.
f ?\eflu_tims h
- Peicen (schematic)
CBJQC Ck]ulivt
DKG. FY-1006

Lews
No Scale,

riic 3edcN\ICH
26 SOUTHERN BLVD.
Mussei . NESCONSET, NEW YORK 11767

65
FIGURE 7.1



N T mml

ik LI (&,L W

-
-\
.
‘h
.
.
.
-
.
.
.
.
.
-
‘\ )
.
/27
e e e e aam e maa
|~
|3
=
C
o
hY)
e tieverccaccsconmem e meeese mend
ﬂ’.
.
.
-
-
.
.
.
.
.
.
.
.
.
.
.
;

OrTICLL IW:GF TLALE,

Dicersiorne (E\ and(g e sr21) &t
- eize ¢f opt.ir ge (5.Cuor5. h40xz)

pex.eveil.crces sect.srea up to
catle length » 202 mm.

D¥'3.FY=-1005

Scale 10:1
RLM Res.lab.,Flushing,NY 11354

FIGURE 7.2

66 85.¢4.09 °




% ;;I///////// :/:,/ ',’ 4:(,'/'_,}/’/////7_/ /, 7 /'/</\\/\,: "/\/ ’, ' '/"
\ A\

! s
= IR AN THALL

wsermmu AR g

WY \\ \\ \\\ ' W \\\\

-

o
J
E
—
=
Z

2' R4 B
e : DR S
-
e )
| -
2 : :
E<JEZ>» {
End view, 3-4 8 inch o !
(=opt.input e . '
plane) " Total Len 3'“1 e 36 tnch ’_I

Fibre Cable Assembly (schematic).

« max.,available space limitation
For details of input plane see DWG.FY-1005.

(:) « Front portion of cables at the optical input plane.
This dimension may be designed from 1/4 up. to 8 inch,
depending on cable flexibility and holding structures.
This front portion must be rigid,at least for each
individual cable,if assembly consists of separate

cebles mechanically held together.

Assembly
Fibre Cablee (schem,)

DViG, FY-100k
Kc Scale,

R#Y Keeearch laboreatory
Flushing, NY 11254

67
FIGURE 7.3



=3

MR seLy

CHANNEL

W\
&
<)
/
/
7/
Ve
/
/
/
/
I'e
68

FI3E IEDENICH
26 SOUTHERN BLVD.

NESCONSET, NEW YORK 11767
FIGURE 7.4



Model 1:72 [mn]
L

—
-
-«
>
{
I

Ohje«—.f to Lews Distance

e L

- lece

- gcc

~
3

9
sreal Scene [f{-]

T
&
o

o

1 1 ]
> W

o
AN
c,r

T
e
S
ta

Dis

Resel. &= IO/uu (Su“‘)

f=8.‘}8m«

-
-

-

cf Field

=24
u

o -

i |
15 ) a5 30
relat. Aperture

MEN23

|
8
-~

7 ’iffrnct;r‘n & [/“,.]

69

(g\,:f—number)

1t —
377

FY-loo7

riic ATNICH
2¢ SOUTHER! BLVD
RNESCOMSET. NLV YOF: 1767

FIGURE 7.5



Huiny yrre .."Jl'! ﬂl Y TR e e e e —
i3 IR LR
i o Tﬁ
T inki Hisod HESS S
o o
i 1y 2= o ~
Rl aii s . oo =5
.qnu. HE b foemtd P e et
SEREL TR O N 0RO - 5 &
e e e R e ) BSE°E  f2p g g EA
epfyaudd SRERAR.ARE RERE v . .
11 .ﬁbqw Sleeansinst binels 0T b VO L oA oo
“w‘. 4115 .,,n..v .._ 1 EF b Yo~ + 2 O P A =]
R HAATTH r ! it |22] o] Qo o V0 E «© &
HERsEIECERR ™ M.,j t “ 444 : - w + m M... "nwv =] m m o W_ o ‘U.
i F134 H A h=T JETRR RS By — .
..mﬁ.rw.m_ﬁ THITLR H S r.r,.,dm.. 1. 11 — TN OH < £e8 < 0O HO
e : s B VU E5 . 8@ oA T 0o
o v pbal P - - )
ot AR T U I EE 8. =
et ..‘ﬂ. ‘..“ll,p H ..W...... «r:ﬁ.f_%..ﬁm.nm.lz Aﬁ.m — __ m n m O . m n m m lm m
..,uw......r.... H SRiaEakdbakinnabdal syue) pnanlphund EoRFR =D I — [} < B OO0 H 3 0.
=i e .ﬂ T % M. 3 mnﬁﬂmmm_u.. M = 53 4 o R oS m m M..Mua
g 5 s Tt . . 1 — VO O oo~ .
ek {oasd ek ] e R e e AR ) V., T _0 d G
rETyi ERrsSnbansnan i v POER B RE un oo oI
' e ity (nmwnadpasdvdnn Al O n < O o & B ]
- S S 2Bl L E5%cf % an sz nd
i E i R 3| 8] EZ25~ 08 EE &Y ek
+d-: B ARSI ey R =sius o= — o
[aata] AR =8 Ey R e e ke m H HH O = U0 O oM B0
W ; o) L OTrEe
1 TN R R P R <l Of U E woE o A& o 0 o
Yt 1o : O] = 0 O AN OO M oY
wmw [ = o ATgw AR~ o o
2EEN vl O <o 28 n o o
Sepya=N m,..J., g =l m o O3H o 1NN © o O
HHT i 3B 3 3l Y8 Obo o mw o T
SIReaE: T4
H e R S °l o
S ARG o gl =
b ] 2| ml =
: T S = — oo
B e REt Atk i.w“ &5 mlun o )
- . .li. ~{ LX)
15 =
| HT/J. - o ot o
4 BERk [sa) = oo o ~
¥ i ! it = 3 o o' 3
i U ! ey Z /M — o~ +
= WEREreE LI << e Na] e Wn ©
SRR SR : = = e 0 0 -
i : W
; AR : = QU 0 o & B0 e o)
Auhgy SN _.. § RREES ¥ 0 © B 2,
" sl TR0 ! W m s © = a - B
..m, satEane" mﬁ.‘ =5 ITEE uﬁm. ; — @ + O « O > K
AR A Bed B 135 TH : 2 - P A, M oM O
3 Nt s BT IR T TN . A e o M 2o o
ShIT R g R I HY 1] ) 3 0 U
it e ST SRRRA ELRKD B NI -~ P ~ = ®
L B eI ] o 0 o o 0 = O O W ]
disdey L | 1 o = I I =Ry
e b pere - T ‘- O - - ® o o
e LR R =Bt R e T N O M A &2 O m
ITESR EXSTR EESRT BYs
BT ..r..m it ; i
s I Bk N
T it _H m:
M .
< S et o

3dmopsIC m:uc.u F1°12

FIGURE 7.6

70




—
—

to each other in bundles of & X & (36 total) in such a wawmer
that whatever is transmitted in one tube that will he projected
at the exact same point at the end of the bundle. Unfortunsately,
in the manufactuw ing and assembly piocess some of the optic
fibers break and this will be shown as a dark spot by Lhe
projecto)r. It is possible, however, thi ough careful manufactlur -
ing techniques and handling to build a system that will minimize
the number of broken fibers. Figures 7.3 and 7.6 show the deplh

of field and the focus distance obtained with this design.

7.4 CAMERA SYSTEM

The camera selected for the final design is a Souy
DXC-101/181P, reference Figure 7.7. This system was selected be
cause of its very low light capability. fhis is inherent in any
CCD Cawmera, but at the time of puichase this camera had the best
capable of any in the market place. The cameras are mounted
firmly to a round plate on the rotating part of the gantiy
system. This eliminates the need of any twisting of the fibe:
optic cables. Each of the fibe: optic cables terminates at the
input of the CCD Camera. As shown in Figure 7.7, the instructo

has the capability to adjust the virdeo gain for each ol Lhe

g |



LOCATION AND UNCTION OF PARTS

-

VIDEO OUT (video output) connector ’ _
(BNC type) (See page 7.) —— [z] AUTO WHITE BAL button and indicator

[1) LENS connector ———— (3] WHITE BAL selector i "

Flange focal length adjustment ring
(See page 10.)

Lens mount

" _-./_(C mount)

Screw holes for camera mounting
(U —20 UNC) (See page 6.)

GAIN (video output level) selector
(See page 10.)

DC IN (DC power supply input)
~nnnantar (12-0in) (See paae 7.)

SONY.

COLOR VIDEO CAMERA

DXC-101/101P

OPERATING INSTRUCTIONS

Belore operating the unlt, please read thls ‘manual .
thoroughly and retain it for future reference. '
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cameras. These cameras have proven to bhe both reliable and
sturdy and will work well under the enviionmental conditions Llhat

the simulator will be subject to.

7.3 PROJECTORS

The projectors that were selected were the Aqua Sta:
3B manufactured by Electronic Systems Products in Titusville, FI.
These projectors were selected because of their high video output
and their compact size. Two other types of projectors wel e
studied but they did not have the compact size needed to (it un
der the cab of the vehicle without physically interfering wilh
each other. The Aqua Star 3B is showin in Figure 7.8, the

specifications on Figure 7.9, and the schematic on Figure 7.1@

7.6 SYSTEM LIGHTING
The lighting for this system was originally con-
ceived to be series of fluorescent tubes mounted above the gantry

of the modelboard. That would give sufficient lighting foi the

Sony Camera. After the system was manufactured and testing
started, it was determined that the 1lighting was not tn ight
enough. There was also a problem with shadows as the ganliy
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AQUASTAR Ili B

SPECIFICATIONS

Opflical:
Throw Dislance:

Light Cutput:

Cathode Ray Tubes:

Electrical:

v

Cable Lengihs:

1:4 refraclive with liquid tleld

correclor

1.5 limes screen width

(l.e. & wide scieen 9' away)

400 lumens peak white

600 iines RGB-330 NTSC video

40 kV magnetically deflected and

focused, non-browning, strontium-

fitled %Icss. llquid-cooled color
r:)osp ors, peak current 4 ma each

ube

mains: 115 V 60 Hz (standard)

240V 50 Hz (optlonal)

power: 300-400 walls

{VP-P negotlve composlie sync

NTSC, RGB Inpuls with separate sync

or sync on green, RGB gain controls,

sweep: 525-625 iine scan 50-60 Hz;

PAL, SECAM and moditied NTSC

decoders (optional)

6’ power cord

15' standard remote conlrol;

optional lengths avallable

esolution:

ldeo:

FEATURES

P

Mechanlcal
Smali size: 9¥2" high x 20" wide x 282" long .
(Including lenses}
Light welght: 75 Ibs.
Easy celling mount (full swivel) may be mounted In
almost any position
Rigld mechanical assembly for stabliity

Controls

re-set
Grey scale level controls — red, green, blue
Masler horizontal/vertical size
Masier horlzontal center
Masler vertical linearity
Sub-contrast
Sub-brightess
Sub-color
Sub-tint

ack panel
Focus — red, green, blue
Tube cut-off swiiches — red, green, blue
Horlzontal/vertical hoid
Horlzontal/verlical keystone — red, green, biue
Horlzontal/vertical pincushlon
Horlzontal/vertical slze — red, blue
Horlzonlal/vertical linearlly — red, green, blue
Horlzontal/veriical bow — red, green, blue
Honzontal skew — red, green, blue
RGB conlrast — red, green, blue

Crosshatch

emote

Power on-off swlich — LED power/fallure Indicator

Slandby switch
Signal source selector swiich (RGB, composite video,

crosshalr)

Brighiness

Plcture control (automatlc color tracking)
Color e Tint e Detall e -
Master focus - :

Horlzontal/vertical centering — red, biu

Remote control box uses D.C. and low voltages for
fong-dlstance cabling compatible with common
electric power code requirements

slandard 115 volt Input; 140 voit high line — 90 volt

low fine

75

Opfiteal .
Adjustable 4’ o 25' wide screen size; uses any screen,
{iat or curved (not furnished)
¢ Liquid-coupled lens and liquid-cooled tubes (pat.
applied for)
e Eastly accessible back panel registration controls
¢ Paraliel lenses for easy screen size change; simple

focus (pat. applied for)
 Fully regulated focus, high voltage and reglistration

clrcults
e Bullt-In crosshatch and crosshalr generalorto facititate

reglstration

Signals
Normally driven by remote tuner, fape recorder or other
video inputs
video processing corrects for video Input signais

Black level adjustable
Locked positive Interlace
Removable termination for video feed-through

Sweep reversal plug for rear screen projection
Integrai-comb fliter

I and Q color demodulation
RGB Inputs with separate gain controls, TTL compatible

Automatic video galn controt
Separate sync or sync on green
PAL and SECAM options
Power/Safety
¢ Switch mode power supplles for efficiency, cooler
operation and reduced welght
¢ No high powered 60 cycle transformers, thereby
reducing magnetic flelds

e 90 voltto 140 volt input
e Full-line Isolation; photo-optically coupled high

voltage regulator
¢ Accessible, Interchangeable PC. boards lor easy

malntenance
e X-ray shlelded and sealed; complies with applicable

HEW rules .
e Arc prolected; encapsulated HV leads and connectors

¢ Overvoltage and overcurrent protection
» Slow high voltage turn on o protect against

electrosiatic arcing
e Senslitive components diode protected from high

voltage statlc discharges
- Accessories

¢ Celling bracket
e Extended remote control cables in 25’ Increments

to 100’

APPLICATIONS

e Teleconferencing ¢ Sales Meetings, Conventions
e Educatlon e Medical instruction

o ComputerGraphics ¢ Training, Orlentation

e Sports o Board Room Preseniations

¢ Entertalnment o Hospliality, Restaurants

¢ Theatres ¢ Adverlising Presentations

¢ News, Information e Product Introduction

e Overflow Crowds ¢ Close-up Demonstrations

e Rentals

Specliicatlons subject fo change without noflce. This product covered
under U.S. patent #4151554 or other patents applled for.

ELECTRONIC SYSTEMS PF!DDUC'i'S, INC.

Ore Tico Road Telex
Titusville, FL 32780 ESP TIVL
(305) 269-6680 56-7490

*9 1M 11/81
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drove between the object being looked at and the lighting sou:ce.
To eliminate this problem it was necesszary to mount on the unde
side of the gantry Sylvania 200 Watt high intensity fluorescenl
lamps - on each side. In addition, it was necessary to altach
two banks of 5060 watt quartz halogen General Electric Bulhs oo
each of the supporting walls. After the installation was made in
Florida, it was felt that the presentation needed improvement =o
it was necessary to add 8 each, 1@9@ watt quartz Halogen lights
on the gantry. With this 1lighting system, the shadows weie
eliminated and it was possible to obtain a realistic image fiom

one side of the airfield to another.

7.7 SCREENING
To cieate the effect of a sky surrounding the si;

field 1t was necessary to wrap an off white screen completely
around the modelboard. The original scieen that we selected a«nd
installed was not acceptable to the Air Force because it was not
fire resistant. A fire resistant screen was then purchased sl
installed which was hurg on the original frame which extended 4
feet above the modelboard. This screen also served the pulpose

of reflecting the light on to the modelboard area.
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8.8 TRAILER CONFIGURATION
The possibility of trailerizing the P-4 (Refe

Figure 8.1) training system was investigated to facilitate wmove

ment from air base to air base. The initial effort showed thal
it was possible using a standard military type trailer to erclose
and transport the complete system. There were a number of & ade

offs that would have to be made but Lhe trailer was designrned Lo
fit into an Air Force cargo plane. There were a numbe: of
problems with trailerizing a unit of this type. They are as

follows:

8.1 SCREENS::
The screen configuration as (nesently utilized
would not be suitable, as they asve too large for transport. Tk

was also determined that instead of having five large screens,
there would be approximately 2@ screens that would be designed ko
be assembled into the full screen area. fThese screens would tiave
to be stackable in a storage compartment either inside the
trailer or underneath, as shown. This would not be a tremendous
undertaking but it would require additional engineering effork

and a new mold for .the screens.
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8.2 MOTION SYSTEM:

The motion system as presenstly manufactured
would have to be completely redesigned due to the size con
straints of the trailer. The trailer itself could be used as 3
frame for the motion mechanism but there would be a complets
redesign effort for the roll, pitch and horizontal motions. In
addition - the wmotion algorithm would have to be extensively

modified to be compatible with the new motion system.

8.3 GANTRY :

The gantry system would have to lbe down sized to
accommodate the width restrictions of Ethe trailer. In addition,
there would be extensive engineering required to strengthe:n Lhe
gantry and build a support system to hold the gantry s=syslem

during shipment fiom base to base.
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8.4 OPTIC SYSTEM:

The optic system would remain essentially the
same except that provisions must be made to quickly remave the
critical components such as lense and fiber optic cables for eacy

and safe storage during transportation.

8.3 MODELBOARD:

The modelboard scale would have to be changed to
a smaller scale to have the same type of layout as present with a

modelboard that is almost twice the aiea.

8.6 PROJECTORS/CAMERAS:
Projectors and cameras will be unchanged, howeve
their mountings must be strengthened to withstand the problems ol

shipping from base to base.

8.7 SMOKE/FIRE SYSTEM:

These systems, again will have to be re-engineered

to be able to take the vibrations imposed upon them by shipping
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2.8 DRIVING

2.1 DRIVING ALGORITHM
The first step in developing the driving algorvithm

was to test an actual vehicle in order to document its tuining

radius characteristics, as well as the acceleration, and
deceleration performance, and the angle of lean in turns. From
these tests it was found that the turning +adius Ro (feet) i
terms of the steering wheel angle (degrees) could be expressed
as:
Ro = 15252.6
2 (0) 0.769

The eguations of motion were ther wiritte. It was seen that i«

the interests of real time response of the simulator the equa-
tions had to be simplified so that solutions could bhe had in a
real time frame. It was decided to ignore the tire slip angles,
and in view of the relatively low speeds involved that was a
reasonable assumption. The turning circle origin could then be

assumed to lie on an imaginary line extending laterally from the
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center of the rear axle. The motion equations had to be con
sidered about the same point that the drivers eyes were localed.
This point was located above the front axle. (Refer Figure 7.1

and 2.2)

Fraom the geometric diagram in figure (9.1) the following equa-

tions could be deduced.

Ro = 15252.6
0.767
2 (P
8} B taln-1 A
Ro + B
v — V
COoS B,
Y = obtained from optical encoder on azimuth servo
VX = V cas (Y - 99 - 8 )
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VELOCITY TRANSFORMATION DIAGRAM

INSTANINIEOUS CENIRE
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Yy = V sin (Y - 90 - 0 )
w = __ VYV radians/second
Ro
In order to simplify control, and i order to ensure that Lhe

vehicle did not acquire a sideways motion, it was decided ko
slave the X and Y velocities to the azimuth angle in the trans-
formation routine. That is vectorial addition of the X and VY

velocity components would always result in a vector parallel to

V.

The general flow of the driving program is depicted on Figure

?.2.
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DRIVING SUBROUTINE SCHEMATIC

Qutputs

.IK\ELICS

Accelerator -
Brake Pedal >
Gear Shift >

Vehicle Velocity
and RPM Computa-
tion

To RPM Tachometer
and Vibration Motor

\4

Steering Wheel

\'4

Azimuth

Calculation of
Velocity Components
VX, VY, W

~———> X Servo
0-10v —> Y Servo
£o ——> Azimuth Servo

Yy Yy

Calculation of Lean,
Pitch Bump, and
Deceleration

> To lean actuator

7

- y. To pitch and bump air cylinder

- >

.. To seat motion cylinder

Vo

FIGURE 9.2
#6



VX

vY

GL.OSS5ARY OF TERMS:

Vehicle velocity vector about the center of the rea
axle. Obtained from vehicle parameters and the vehicle
velocity subroutine.

Optical Probe-Azimuthal angle measured counterclockuwise
from the X axis.

Obtained from the optical encoder installed in the
azimuth servo.

Velocity vector of driver.

Instantaneous center of vehicle turning circle.
Instantaneous radius of vehicle turning circle.
Instantaneous radius of driver turning circle.

Location of drivers head

Longitutinal displacement of driver from rear axle.
Lateral displacement of driver from center line.

Angle between Ro and R.

Arngle of Ro from X axis.

local X axis. Parallel to gantiy X axis.

local ¥ axis. Parallel to gantiy Y axis.

X axis component of vehicle velocity.

Y axis component of vehicle velocity.
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W t Azimuth angular velocity (radians per second).
0 : Steering wheel angle (degrees) obtained from steering

potentiometer.

1.0 COMPUTER SYSTEM

1.1 GENERAL

The computer system has always been based on a
Motorola MC&689P@, 16 bit microprocessoy. The original system was
designed and build using a wire wrapped board for the main
processor., This system was turned on and made functional with
the wire wr-apped board. As the testing aud intergradation aof the

system continued, the down time caused hy the wire wrapped wain

processor board was unacceptable. lising the same design., a
printed civcuit board was manufasctured and substituted foi the
wire wrapped board. This microprocessor board worked floorlessly

after it was installed.
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lg.2 COMPUTER SYSTEM

The computer system is based upon a MC68093, 16 bit
microprocessor (Refer Figure 1@.1) which is operated at a svystem
clock speed of 8 MHz. The operational program is stored an
EPROMS resulting in high reliability associated with embeded
systems. The microprocessor interfaces Lo the periphefal via the
synchronization methods DTACK and VPA. DTACK is utilized by facst
peripherals where as VPA is used by slow peripherals. The com
puter interfaces to three 16 bit Digital—-to—-Analog Conve ters
which provide analog control voltages to the motor control system
of the gantry. These are the primaivy outputs of the computer to
control all p(obe motion in the X, Y and Azimuth directions. Ihe

caomputer also interfaces to three analog-to-digital conve: ters

which wmonritor the gass pedal, brake pedal and steering wheel
signals. These are inputs along with shifter position, (send
through a switch input) that are used to provide input to Lhe

simulation equation which calculates the drive motor outpruts,
The only other input used for calculation of the equation :esult
is the optical encoder input. This input is interfaced to a
counter card which determines actual angular position and is

accessed via the data position of the support beam (actually a
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tube) is accomplished with a linear actuator which causes the cah
to tilt side to side. The time of the pulses to the ai
cylinders is under control of an 8 bit 1 MHz microprocessor which
interfaces to the main computer via the analog outputs of MPIl and
deceleration. The calculations of pulse width come directly [om
an adjustable constant which scales the deceleration input. then
deceleration is maximum the cylinders fully engaged with the venl
closed. When deceleration is zero the cylinder is disengaged
and the vent is opened. The MPH i1oput 1s used to simulate buwmps
on and off the road. It produces sharp impulses to the cylinds
in a +andom manner thus simulating the | andomness of rnormal o
and off road conditions. The off rvoad impulses are more sevele
and occur at a greater frequency than the roadway impulses. e
other motion platform degree of freedom is also under the conliol
of an 8 bit microprocessor which inter Faces to the main computbe:
via the W2 R lateral acceleration output. This feedbaclk conty ol

loop is closed by a position potenliometer within the Jlineas

actuato: . The microporcesso moves the motor to minimize Lhe
difference between the voltage from the wmain computer and the
voltage from the feedback potentiomete: . The system is dynami -

cally adjusted to eliminate overshoot and produce a pulse widlh
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modulated signal to the actuator motor. Both of these procecssors
operate independently off the main computer and are, therefore,

able to run at full speed without slowing the main loop at all.

11.@ INSTRUCTOR'S CONTROL PANEL

11.1 GEMERAL

The instructor's contiol panel is a single sheet of

finished aluminum that allows the instructor to monitor and on
trol the various functions of the fire, smoke, etc. Because of
its location right behind the driver, the instructor has Lhe

ability to monitor the operator's driving skills and fire fightl

ing techniques. The instructor has the ability to freeze Lhe
driving situation at any time but he does not have contiol of
direction, velocity and braking of the vehicle. The Simulator is

under the control of the driver/operato:r with the instructor sel-
ting up problems in the wvarious scenavios and observing Lhe
driver/operator's reactions to these piaoblems. The main function
of the instructor is to observe both the driver's operations and
the operation of the probe on the modelboard. This 1s ac -

complished by the using of a one wey mirror mounted next to Lhe
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console that allows the oporator to observe the probe at 2311

times to insure the driver 1s not going to damage the system.

i1.2 SHOKE AND FIRE CONTROL S

The smoke and fire controls are the major inpul {m
the instructor. The smoke system, described in Section 3, eiect
a mist of smoke through a PVC pipe that manifolds it to Linees
separate valves. (Refer Figure 11.1 and 11.2, items 49, S@, SI1)

These are quarter turn ball valves that allow modulation of Lhe

smoke from full off to full on o at any wvariable position
between. The pressurized smoke is then brought to each of tLhe
three fire pits as adjusted. The itostructor then will conliol
the rate of rise of the smoke by adjusting the helium flow on

flowmeters 38, 39 and 4@. The instructor gets visual feedbaclk hy
observing the smoke through the one way mirvror. The fire inten

sity is controlled by control knob 44, which controls the vollage

to the gquartz Halogen fire lights. The various gages on kthe Lop
of the panel are @ - 1 milliamp DC gages that act as a slave Lo
the operator's gages in the cab. This allows the instructo: to

closely monitor the driver's performance.
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0

12.
11,
12.
13.

14.
13.

16.

17.

18.

17.

29.

2t.

22,

23.
24,

a23.

26.

COMSOLE GUIDE

Beacon Indicator Light
Flood Indicator Light

Spot Light Indicator Light
Headlight Indicator Light
Dome Indicator Light

Flashing Valve Indicatoy Light
Booster Heat Indicator Light

Power Divide Indicator Light

Short Light Indicator Light
Differential Lock/s/Unloclc Indicator
Light

Run Indicator Light

Cycling Indicator Light

Off Road Switch (Push Button)

Engine Start Switch
Master Switch

Engine Off Switch

Console Light

Engine 0il Control Knob
Engine Pressure Control Knob

Water Temperature Control Knob

Trans Temperature Control Knob
Voltage Control Knob

Fuel Control Knob
Pressure Control Knob

Water Tank Temperature Control Knob

FIPH Gage
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27 .
28.
a9.
39.
31.
32.
33.
34.
35.
36.
37.

38.

39.

49.

41.

42.

43.

44,

43,

44,
47.

48,
49,

350.
51.

Coolent Pump
Pressimre i¥nob
RPIM Firiob

Foam Flow Gage
Water Pump
Pressure Gage
Foam On Switch
Water Punp
Fressinse
Contyrol VFuoob
Glare
Simulatiocn Kiiob
Spare Switch

Spsre Switch
Wind Switch
Fire Pit #3
Rotating | ights

Fire Pit |
Heiluin Gas Flow
Gage

Fire Pit E
Helium Ges Flow
Gage

Fire Pit 3
Helijum Gas Flow
Gaqe

Fire Fits
Select Swvwitch

Foam | evel

Kiiob

Solenoid Switch
(Smoke

GCenerator)
Fire Intensity
(Mariac) kiob
Water | evel
Frob

Vent Switch
Batterv On
Switch

Riumnway |ights
Switch

Smolke Valve #Ii
Smoke Valve #2
Smolke Valve #3

FIGURE 11.2



12.0 VIBRATION

The P-4 vehicle required the simulation of 1wormal
vehicle vibration as a function of engine speed. The oviginsl
design used a 1/8B horsepower motor drivem at variable speed with
an eccentric weight mounted on the shaft. This system did not
give the realistic vibration needed as Lhe vibration was toco

light. A new, much heavier motor was installed and this motor is

a 3/4 horsepower, 12 wvolt DC pulse width modulated with
tachometer feedback. The pulse width modulation is contiollied
directly (irom the D to A output of Lhe wain microprocessor. The

motor is manufactured by Honeywell with the eccentric 1/2 pound

disk mounted off center.

13.2 MAIN SCREENS

The main screens were manufactured on a mold. lhe

manufacturing process consists of laying up figerglass on a mold

similar to boat hull construction. The screens are concave and
have a § inch flainge extending from both Lhe top and bottom aund
the sides, away fTrom the viewing ai ea. The screens asve ap
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proximately 3/4 inch thick, as are the flanges. The flanges al
low the screens to be bolted together to make a rigid semiciivile
that is 11 feet high and 28 feet in diameter. The screens aie
finished with a flat white paint. (Refer Figure 13.1)

The 1intersect point between the projectors o Lhe
viewing side of the screen was covered with a flat blaclk strip
three inches across, and 11 feet high. e purpose of this st i
was to eliminate any possible wizmetches between adjacent

projectors.

One of the initial problems with the Simulatoq was
low light levels being projected on the main screen. To improve
the video gain, a special screen was manufactured that was

grooved Lo reflect all the projected light directly back into th=s
center of the cab. This screen was covered with a highly reflec-
tive paint. This change increased the video gain by a factoy of
50. This change was rejected because it would have been veiy esx -

pensive to remanufacture the screens to this new design.
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4.9 PRELIMINARY CRASH RESCUE SIMULATOR--PRODUCTION COST

ESTIMATE ANMD TRADE OFF

14,1 ‘ COST ESTIMATE

The estimate for production of 14 Crash Rescue
Simulators was derived from the prototype. This information
identified all major items to be priced. Additional discussious
were held with design and manufacturing engineers to assisl in

obtaining comparison for similar types of simulators which have

been quoted or purchased. The hourly rates were estimated on Lhe
basis of production at a typical electronics manufactur ing
facility. All the necessary production hours of material Lo
fabricate and assemble the simulator have heen included. Supporl

labor such as quality engineering, liason, manufacturing suppo t,
and progi am management has been estimated. The basic fahrication
estimated was made using dollars and hours per component af Lhe
simulator based on the past experience of the prototype device.
The balance of the estimate was based on quotes obtained and 1 om
jJudgemental ecstimates. The estimate was made for 14 units i

various lot sizes.
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Lot Lot Size Unit Cost
1 1 723,999

= 2 832,500

3 3 749,259

4 3 &74,3285

3 3 645,259

& 2 625,741

14.2 TRADE OFFS TO REDUCE COST

As previously discussed, Lhere has been a Lt ade

off study performed to determine the feasibility of installing a

simulator in a trailer. Among the tiade off possibility that
would reduce the cost and inciesase the versatility of Lhe
simulator would be to replace the present projectors with hiighe:

quality projectors that are available in the market place at
lower cost. These projectors can double the intensity of the
screen pre=zentation. Another change that would be desivable o
use a newer design CCD Camera that is more sensitive to low liaght
levels. Again, because of the recent advancements in the viden
fields these items are becoming less costly. Since the molds are

already manufactured, a great part of the initial cost of addi
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tional units will be lowered. The optical probe system should he

redesigned with slip rings to eliminate the problem of limited
rotations of the system. The fiber optic cable will have to be
manufactured and handled with greate: care, to eliminate Lhe

broken fiber problems that we have experienced on the prototype.
These changes can all be incorporated in the first prodoction

unit and proven out.
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